APPLICATION FOR UNITED STATES LETTERS PATENT 



For 



GUIDED HEATING APPARATUS AND METHOD FOR USING THE SAME 



Inventors: 
Song-Hua Shi 
Bob Sankman 



Prepared by: 



fti 



BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP 
32400 Wilshire Boulevard 
Los Angeles, CA 90025-1026 
(408) 720-8598 



Attomey^s Docket No.: 42390P13092 



y 



'Express Mail" mailing label number: EL431887578US 
Date of Deposit: November 14, 2001 



I hereby certify that I am causing t 
Postal Service "ExppSS^^ Posi 
above and that this/paper 
Washington, D. C 20231 

Carla Zavala I , 

(Typed or printedname oi y 



(Signature of person rrlaili] 



paper or fee to be deposited with the United States 
fice taAddressee" service on the date iadicated 
essed to the Commissioner for Patents, 



(Date signed) 




GUIDED HEATING APPARATUS AND METHOD FOR USING THE SAME 
FIELD OF THE INVENTION 

[0001] The present invention relates generally to the field of naicrowave and infrared 
heating and, naore particularly, to a guided heating apparatus. 

BACKGROUND 

[0002] Current technology exists for using microwave and infrared radiation to heat 
objects to a desired temperature, hifrared radiation may not be used in conjunction with 
microwave radiation to heat target objects simultaneously, hifrared radiation lies 
between the visible and microwave portions of the electromagnetic spectrum. Thus 
infrared waves have wavelengths longer than visible and shorter than noicrowaves and 
have frequencies which are lower than visible and higher than microwaves. 
[0003] Devices exist ciurently that provide either an infrared energy source or a 
microwave energy source to direct infrared or microwave energy at target objects to be 
heated. Generally, this is done in a chamber having an energy source. All the objects 
enclosed within the chamber are exposed within a certain amount of time to microwave 
or infrared energy, thereby heating the objects. 

[0004] One particular issue that arises from this type of device is the amount of 
energy wasted in heating objects in the chamber other than the target objects. In many 
instances, target objects may be fastened or coupled to conponents that are not 
susceptible to microwave or infrared energy. In another scenario, these components may 
be BGOre susceptible to microwave or infrared energy and absorb the energy meant for the 
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target objects. Other related problems that arise from the approach mentioned above are 
un-desired overheating of target objects and un-desired underheating of target objects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The present invention is illustrated by way of example, and not limitation, 

in the figures of the accon5)anyrQg drawings in which: 

[0006] Figure 1 is a cross-sectional side view of one embodiment of a heatiDg 

apparatus; 

[0007] Figure 2 is a cross-sectional side view of one embodiaient of a guided 

heating apparatus; 

[0008] Figure 3 is an enlarged cross-sectional side view of the embodiment 

shown in Figure 2; 

[0009] Figures 4a-4c are cross-sectional side views one embodiment of a flip chip 

involved in a no flow underfill process; 

[0010] Figure 5 is a cross-sectional side view of an altemative embodiment of a 

guided heating apparatus; 

[0011] Figures 6 are cross-sectional side views of one embodiment of a flip chip 

thermal management application; and 

[0012] Figure 7 is a flowchart of one embodiment of a process of heating an 

object. 
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DETAILED DESCRIPTION 

[0013] A guided heating apparatus and a method for using the same are described. In 
the folio wmg detafled description of the present iavention, numerous specific details are 
set forth in order to provide a thorough understanding of the present invention. However, 
it will be apparent to one skilled in the art that the present invention may be practiced 
without these specific details. In some instances, well-known structures and devices are 
shown in block diagram form, rather than in detail, in order to avoid obscuring the 
present invention. There are several different ways to implement an independent 
positioning system Several enobodiments are described herein. However, there are other 
ways that would be apparent to one skilled iu the art that may be practiced without 
specific details. 

[0014] Figure 1 illustrates one embodiment of a heating apparatus 100. The heating 
apparatus includes a chamber 1 10 having an energy so^lrce 1 15. Energy from the energy 
source 1 15 flows into the chamber 1 10 to heat one or more target objects. Generally, this 
type of apparatus may be used in processes involving integrated circuit chips. One 
example is the curing of materials such as encapsulants, adhesives used as cavity fills in 
integrated circuits, underfill material, and solder materials. 
[0015] As seen in Figure 1, energy from the energy source 1 15 is dispersed 
throughout the chamber 110. A portion of the energy from the energy source 115 flows 
to heat a heating block 130. The heating block 130 is generally made of a thermally 
conductive material such as silicon and microwave absorbing ceramics. This allows the 
heating block to heat up more quickly from the energy than other elements present in the 
chamber* 
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[0016] The heat then travels conductively toough the heating block 1 30 to an 
integrated circuit (IC) chip 140 below. Target material to be heated, iinderfill material 
150 in Figure 1, is sandwiched between the IC chip 140 and a substrate 160. Another 
portion of the energy from the energy source 1 15 travels directly to heat the underfill 
noaterial 150 and substrate 160. 

[0017] A problem with the heating apparatus shown in Figure 1 is that portions of the 
energy from the energy source 1 15 do not solely heat the object to be heated. Rather, the 
energy flows throughout the entire chamber 1 10. As a result, the energy heats other 
elements in the chamber such as the substrate holder 170, package metal pins 182 diat 
stand on a sample stage 180, the saiaplt stage 180, and sample stage supports 184. In 
particular, elements such as the package metal pins 182 tend to heat up far quicker than 
elements such as the underfill material 160 due to the eddy current on the metal pins 182. 
Since the underfill material 160 is actually the target object to be heated in the heating 
apparatus 100, the fact that these other elements heat faster poses a problem. 
[0018] Another problem with the heating apparatus shown in Figure 1 relates to the 
heating block 130. The heating block 130 is generally made of one noaterial that 
uniformly generates the heat from one area of the heating block 130 to another area of the 
heating block and then to the object. This is unsatisfactory if there is more than one 
object to be heated or the object to be heated requires different concenttations of the 
energy to heat particular portions of the object (or objects) for varying time periods. 
[0019] Figure 2 illustrates a guided heating apparatus 200 according to an 
embodiment of the invention. The guided heating apparatus 200 includes a chamber 2 10 
having an energy source 215. The energy source is enclosed by a guiding enclosure 220 
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that guides and keeps energy from the energy source 215 within the guiding enclosure 
220. The introduction of the guiding enclosure 220 prevents the dissemination of energy 
throughout the entirety of the chamber 210 thereby causing elements such as the san^le 
holder 270, package metal pins 282, sanple stage 280, and sanple stage supports 284 
from becoming unnecessarily heated from the energy. Rather, the guiding enclosure 220 
guides the energy to a target area. 

[0020] The guiding enclosure 220 is coupled to a supporting piece 222. In one 
embodiment, depending on the energy source and the material of the heating object(s), 
there may or may not be an absorbing piece 224 inside the guiding enclosure 220. If die 
absorbing piece is needed, the absorbing piece 224 is secured and supported by the 
supporting piece 222 wifliin the guiding enclosure 220. Any number of objects may be 
heated directly or indirectly by being placed in the guiding enclosvae 220 so fliat the 
energy from the energy source 215 is guided toward that object(s). Depending on die 
energy source and the size of the object to be heated, there may be surface areas of the 
object that are directly exposed to the energy. In addition, the object may be positioned 
and aligned with the absorbing piece 224 such that the absorbing piece transfers the 
energy it absorbed from the energy source to the object. This type of scenario occurs 
when the absorbing piece is made of one or more materials that may absorb energy faster 
than tiie object. 

[0021] In Figure 2, the object to be heated is underfill material 250 sandwiched 
between an IC chip 240 and a substrate 260. In this type of appUcation, the absorbing 
mata:ial absorbs the energy very quickly, and transfers the energy to the IC chip 240. 
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The IC chip 240 then conducts the energy to the underfill material 250. At the same 
time, the side surfaces of the underfill material 250 will receive energy directly. 
[0022] This type of guided heating apparatus 200 avoids heating other elements and 
provides greater control of heat towards an object to be heated. One particular 
application where such a guided heatiag apparatus may be useful is a no flow underfill 
application. This type of application is discussed in more detail with reference to Figures 
4a -4c. 

[0023] Figure 3 illustrates an enlarged view of the embodiment shown m Figure 2. In 
Figure 3, a guiding enclosure 220, a supporting piece 222, and an absorbing piece 224 are 
shown. As discussed in reference to Figure 2, an energy source provides energy that is 
guided and confined within the guiding enclosure 220. 

[0024] In one embodiment, the energy source may be a naicrowave source that emits 

microwave energy. Microwave radiation is one kind of electromagnetic wave whose 

propogation property is similar to any other electromagnetic waves. 

[0025] In an altemative embodiment, the energy source may be an infrared source 

that emits infrared energy. Infrared waves generally have wavelengths shorter than 

microwaves and frequencies that are higher than microwaves. 

[0026] Irrelevant of which type of energy source is used ra the guided heating 

apparatus 200, there may be any of three interactions between the energy and other 

materials present within the guided heating apparatus 200. The first interaction involves 

materials that reflect the majority of the energy rather than absorb or transmit it. The 

second interaction involves materials that behave in a transparent manner thereby 
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transmitting the majority of the energy. The third interaction involves materials that 
absorb the majority of the energy. 

[0027] Because microwave energy and infrared energy differ, different materials 
react in different ways to both types of energy sovirces. For exanple, materials that 
reflect infrared energy will not automatically reflect microwave energy and vice versa. 
Accordingly, matmals chosen for the elements in the guided heating apparatus 200 
should cater to the type of energy source present iq the chamber. 
[0028] The guiding enclosure 220 is made of a material reflective of the energy from 
the energy source. In one embodiment, where the energy is from a microwave source, 
the guiding enclosure 220 may be made of metal Some metals that may be used are 
aluminum, stainless steel, and copper. The thickness of the microwave guide wall may 
range from 1 micron (coated metal fihn) to 20 centimeters. In an alternative 
embodiment, where the energy is from an infrared source, the guiding enclosure 220 may 
be made of plated gold, aluminum and silver coating, copper, and chromium plating. 
[0029] A particular structure for the guiding enclosure 220 is shown in Figure 3. 
However, the guiding enclosure 220 can take on any shape or size according to different 
considerations. One consideration may be the size of the energy source 215 enclosed by 
the guiding enclosure 220. Another consideration may be the size of the chamber 210 or 
the size of the target area to be heated. 

[0030] A supporting piece 222 is coupled with the guiding enclosure 220. The 
supportmg piece 222 secures an absorbing piece 224 to an object within the guiding 
enclosure 220 while transmitting the majority of the energy through the piece 222. The 
supporting piece 222 may also be any shape or size also according to various 
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considerations. One consideration may involve the size of the absorbing piece 224 and 
the object or objects to be heated. Another consideration may be the size of the guiding 
enclosure 220 and how the supporting piece 222 couples to the guiding enclosure 220. hi 
different embodiments, the supporting piece 222 may be placed within or coupled to the 
guiding enclosure 220 by adhering, bolting, or socking technology. 
[0031] hi one embodiment, where the energy is from a microwave source, the 
supporting piece 222 may be made of a transparent material such as quartz or microwave 
transparent ceramic, non-polar polymeric material such as Teflon, hi an altemative 
embodiment, where the energy is from an infrared source, the selection of the material of 
the supporting piece depends on the infrared radiation source. The supporting piece 222 
may be made of transparent ntiaterials such as quartz, potassium bromide, or infixed 
transparent glass such as No. 2540 glass and No. 2550 glass. 

[0032] The absorbing piece 224 is secured and supported by the supporting piece 222 
within the guiding enclosure 220. hi different embodiments, the absorbing piece 224 
may be adhered, socked, or bolted to the supporting piece 222. The absorbing piece 224 
is made of a material that absorbs the majority of the energy rather than transmitting or 
reflecting it. hi alternative embodinaents, there may be more than one absorbing piece 
224. 

[0033] The absorbing piece has a predetermined composition that controls an energy 
absorption rate of the absorbing piece 224. hi one embodiment, the absorbing piece 224 
may be made of one material so that the absorbing piece 224 uniformly absorbs and 
transfers the energy. In an altemative embodhnent, the absorbing piece 224 may be made 
of more than one material so that each material is capable of absorbing the energy from 
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the energy source at a different absorption rate. In alternative embodiments, the 
absorbing piece 224 may be made of one or more materials and additionally have a 
portion or the whole piece 224 coated by a reflective layer to control the energy 
absorption rate of the absorbing piece 224. 

[0034] In one embodiment, where the energy is from a microwave source, the 
absorbing piece may be made of metal, or carbon doped polymeric material, ion doped 
polymeric material, or microwave absorbing ceramics. In an alternative embodiment, 
where the energy is from an infrared source, the absorbing piece may be made of 
materials that can strongly absorb the infrared energy such as infrared energy absorption 
glass, No. 3961 glass and No. 3962 glass. 

10035] As seen in Figure 3, the absorbing piece 224 is in a block shape. However, in 
different embodiments, the absorbing piece 224 can take on any three dimensional shape 
except that the absorbing piece 224 must be less than the size of the supporting piece 222. 
[0036] Figures 4a through 4c illustrate one embodiment of a fMp chip involved in a 
no flow underfill process. In this process, and as seen in Figure 4a, no flow underfill 
material 250 that has fluxing capabihty is placed on a substrate 260 with electrically 
conductive pads 462. In Figure 4b, a chip 240 is then aligned and compressed down using 
a chip placement machine (not shown). The so prepared assembly needs bump reflow 
r^ht before underfill cure to result in the finished flip chip assembly which is shown in 
Figure 4c. 

[0037] The key to make this process successful is how to control the transfer of 
energy so that the solder 462 reflow occurs before the no flow underfill material 250 gel. 
By using the guided heating apparams shown in Figure 2, the flip chip 240 and metal 
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solder joint 462 can be selectively heated from the energy source 215 faster than the 
underfill material 250 by applying the intensive heat on the backside of the flip chip 240 
using the absorbing piece. Since the flip chip 240 material (silicon) and solder 462 
material have much better heat conductivity than no flow underfill material 250, and the 
solder 462 melting and wetting kinetics is faster than no flow underfill 250 gel kinetics, 
this is achievable by this simplified flip chip underfill process using the guided heating 
apparatus. 

[0038] Figure 5 illustrates an alternative embodiment of a guided heating apparatus 
500. The guided heating apparatus 500 includes a chamber 5 10 having an energy source 
515. The energy source is enclosed by a guiding enclosure 520 that guides and keeps 
energy from the aiergy source 515 within the guiding enclosure 520. The introduction of 
the guiding enclosure 520 prevents the dissemination of energy throughout the entirety of 
the chamber 510 thereby causing elements such as the semple holder 570, package metal 
pins 582, sample stage 580, and sample stage supports 584 from becoming unnecessarily 
heated from the energy. Rather, the guiding enclosure 520 guides the energy to a target 
area. 

[0039] The guiding enclosure 520 is coupled to a supporting piece 522. An 
absorbing piece 524 is secured and supported by the supporting piece 522 within the 
guiding enclosure 520. Any number of objects may be heated directly or indirectly by 
being placed in the guiding enclosure 520 so that the energy from the energy source 515 
is guided toward that object(s). Depending on the size of the object to be heated, there 
may be surface area of the object that is directly exposed to the energy. In addition, the 
object may be positioned and ahgned with the absorbing piece 524 such that the 
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absorbing piece transfers energy it absorbed from the energy source to the object. This 
type of scenario occurs when the absorbing piece is made of one or more materials that 
may absorb energy faster than the object. 

[0040] hi Figure 5, there are several objects to be heated. One is underfill material 
550 sandwiched between an IC chip 540 and a substrate 560. Another is TM material 
532 sandwiched between a heat sink 530 and the chip 540. Another material to be heated 
is sealant material sandwiched between each heat sink 530 leg and the substrate 560. In 
this type of application, the absorbing material absorbs the energy very quickly, and 
transfers the energy to the heat sink 530. The heat sink conducts the energy to the IC 
chip 540 and the substrate 560. The IC chip 540 then conducts the energy to the underfill 
material 550. At the same time, the side surfaces of the underfill material 550 will 
receive energy directly. 

[0041] This type of guided heating apparatus 500 avoids heating other elements and 
provides greater control of heat towards one or more objects to be heated. One particular 
appUcation where such a guided heating apparatus may be useful is a flip chip thermal 
mianagement application. This type of application is discussed in more detail with 
reference to Figure 6. 

[0042] Figure 6 illustrates one embodiment of a flip chip thermal management 
application. This appUcation is very similar to the no flow application discussed with 
reference to Figures 4a-4c. The TIM material 532 needs to be reflowed or cured right 
before heat sink sealant material gel 664. By using the guided heating apparatus of Figure 
5, the heat sink 530 and TIM material 532 can be selectively heated faster than the 
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underfill material 550 by applying intensive heat on the backside of the heat sink 530 
using the absorbing piece. 

[0043] Achieving this simplified IHS making process using the guided heating 
apparatus is possible for many reasons. One reason is that the heat sink 530 material 
(commonly copper) and TIM material 532 (commonly solder) have much better heat 
conductivity than the no flow underfill material 550. Another reason is that solder 
melting and wetting kinetics is faster than no flow underfill gel kinetics. Accordingly, 
this simplified fflS making process is made possible using the guided heating apparatus. 
[0044] Figure 7 illustrates one embodiment of a process 700 of heating an object. At 
processing block 7 10, an object for heating is positioned within a chamber having an 
energy source such that the object is in aligmnent with an absorbing piece secured by a 
supporting piece. The supporting piece is made of a material transparent to the energy 
from the energy source. 

[0045] At processing block 720, one of microwave energy or iofrared energy from an 
energy source is guided and confined within a guiding enclosure inside the chamber so 
that all the energy is guided at the absorbing piece and the object. The guiding enclosure 
is made of a material reflective of the energy from flie eneargy source. 
[0046] At processing block 730, the energy is transferred from the absorbing piece to 
the object by having the absorbing piece be made of at least one material that absorbs the 
energy from the energy source for transfer to the object. The absorbing piece has a 
predetermined conqwsition that controls an energy absorption rate of tiie absorbing piece. 
[0047] A guided heating apparatus and a method for using the same have been 
described. Although the present invention has been described with reference to specific 
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exemplary embodiments, it will be evident that various modifications and changes may 
be made to these embodiments without departing from the broader spirit and scope of the 
invention. Accordingly, the specification and drawings are to be regarded in an 
illustrative rather than a restrictive sense. 
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